SUMMARY In a consecutive series of 100 cases of Fallot's tetralogy undergoing total correction, the mean birthweight was found to be just below the 50th centile. Blalock-Taussig or Waterston shunts were performed in 45 patients. Before their shunt operations a significant number of patients had become retarded in height and weight development but after the shunt operations many patients showed accelerated height and weight gain. Ofthe 73 patients followed up 2 years after correction, 23 had experienced accelerated development in both weight and height, but 11 patients remained on or below the 3rd centile for weight and height. In terms of the age at shunting, the oxygen saturation immediately before total correction, the age at total correction, the number ofventriculotomy patch repairs, and the post-correction ventricular pressure ratios, no significant difference could be detected between those 23 patients who had undergone accelerated development and those 11 who had remained retarded. More shunts, particularly of the Waterston type, were performed in the retarded group.
Growth retardation in infants suffering from congenital heart disease had been recognised for many years (Mazur, 1959; Schlange, 1962; Naeye, 1967) . The extent of retardation is related to the type of anatomical lesion (Robinson and Bayer, 1969) . Surgical correction with restoration of a functionally normal circulation can improve the general wellbeing of the patients and, in some anomalies, operation has been followed by an acceleration in growth (Adams and Forsyth, 1951; Mehrizi and Drash, 1962; Feldt et al., 1969) . The aim of this paper was to analyse the growth patterns before and after surgical correction of Fallot's tetralogy (Fallot, 1888) . 1963 and 1974, 100 children, all below the age of 16 years, underwent total correction of Fallot's tetralogy. In each case a preoperative diagnosis was established on clinical grounds and by cardiac catheterisation. Forty-five of the patients underwent either a Waterston (1962) or BlalockTaussig (1945) Received for publication 7 July 1977 example, diabetes mellitus, were excluded from the study. All patients were reviewed to make an assessment of clinical and developmental progress. The following were recorded: (a) birthweight; (b) age, height, and weight immediately before a shunt operation; (c) age, height, and weight immediately before total correction; (d) age, height, and weight two years after total correction. No attempt was made to obtain information of birth length since it has little significance in the neonatal period and is difficult to measure accurately.
Subjects and methods

Between
To permit comparison between individuals of varying ages and also to monitor growth progress after shunt and then total correction procedures, it was necessary to convert all absolute values of height and weight to centiles using charts prepared by Tanner et al. (1966) 96th, 97th and above. In an attempt to define the aetiology of post-correction growth patterns, those patients who experienced accelerated development were compared with those patients who remained on or below the 3rd centile two years after total correction.
Results
The potential for physical development after a shunt procedure and total correction of Fallot's tetralogy is shown for an individual case in Fig. 1 . The mean birthweight of the 100 consecutive patients was 3220 g ± 589 g (741 ± 1-3 lb), a value just below the 50th centile for a sample of British children (Tanner et a!., 1966 group.bmj.com on April 9, 2017 -Published by http://heart.bmj.com/ Downloaded from To define the aetiological factors responsible for changes in growth pattern, patients who had experienced accelerated growth were compared with those who remained on or below the 3rd centile.
Two years after total correction 23 patients had experienced accelerated development for both height and weight. Eleven patients remained on or below the 3rd centile for both height and weight. Table 5 shows that in terms of the age at shunting, the 418 -t-, 35-6 ± 22-8 45-7 * 27 5 32-9 ± 19 9 Mean age at total correction (mth) 83-3 ± 43-5 92-2 ± 33-7 93-1 ± 46-3 Oxygen saturation immediately before total correction 81-6 ± 10-5 80-1 ± 13-2 82-8 ± 10-8 Patch repair right ventriculotomy oxygen saturation immediately before total correction, the age at total correction, the number of ventriculotomy patch repairs, and thepost-correction ventricular pressure ratios, no difference could be detected between those 23 patients who had shown accelerated height and weight development and those 11 patients who had remained small. Shunts were performed in 39X1 per cent of the accelerated group and in 63-6 per cent of the retarded group. Waterston shunts were performed in 45-4 per cent of the retarded group and in 17T4 per cent of the accelerated growth group.
Discussion
The mean birthweight of our children was just below the 50th centile value calculated by Tanner et al. (1966) from a sample ofBritish children. Allowing for regional variations in stature and the inclusion of some children from overseas, the small variation from the 50th centile in our series is of little significance. This observation agrees with that of Feldt showed accelerated height development but only a third showed accelerated weight gain. In contrast, Starr et al. (1973) who advocate early total correction, failed to show significant growth acceleration after 16 shunt procedures. This discrepancy with our results could be accounted for by the difference in patient selection. Their series consisted of very severely hypoxic infants, all below the age of 2 years who were considered to be extremely 'bad risk' patients for total correction. Many of the shunts in our series were performed on older children with milder lesions. After total correction there was obvious acceleration in both height and weight development. Two years after total correction, a half of the patients had crossed into a higher centile group for weight and a third experienced accelerated height development. Most of the cases of accelerated growth were found in the lower centile groups. Those patients above the 50th centile preoperatively showed little change in growth pattern postoperatively.
By comparing those patients who had accelerated development with those who remained small after total correction, several observations can be made. Fewer of the patients with accelerated development underwent shunt operations. A considerably higher proportion of the retarded patients underwent a Waterston shunt. We cannot prove, but suspect that this reflects a higher incidence of severe anatomical change in the retarded group. In addition, Waterston shunts are followed by a high incidence of transient pulmonary congestion and congestive cardiac failure.
Our paper supports the view of Robinson and Bayer (1969) Many of the retarded patients had comparatively " 9 x-allot s tetralogy-postoperative growth high Pao2 values. The frequency of right ventriculotomy patch repairs was similar for the accelerated and retarded groups as was the incidence of high right ventricular pressures after correction. Thus in terms of the above values, we have been unable to show any gross differences between patients who show accelerated development and those who show retarded growth. Assuming that there must be some physiological reasons for the differences in growth, various possibilities remain. For example, subtle changes in right ventricular performance related to the extent of the ventriculotomy or disturbance in right ventricular coronary flow. Naeye (1965) comparing two groups of children, one with congenital cyanotic heart disease and the other with alimentary malnutrition, suggested that irreversible changes in the brain could influence subsequent development even if an adequate operative correction was performed.
Although our results have been encouraging, the patients were collected over a long period which has seen changes in the operative approach to Fallot's tetralogy. It is with interest that we await results of treatment by early total correction.
